Small-scale maps are generally used in spatial analysis for fast calculation, but part of important features are missing due to its generalization level, which makes the analysis results less accurate. Therefore, it is necessary to improve feature completeness of smallscale maps. The goal of this paper is to put forward a mapping method of integrating the existing multi-scale river thematic maps. In order to achieve this goal, this paper proposed an algorithm for multi-scale line features matching by calculating the distance from node to polyline and an integrating algorithm by simplifying, shortening and merging the features from the original multi-scale thematic maps. The experimental results proved that the new map produced by the method proposed in this paper keeps the same scale as the original small-scale map and it is consistent with the original large-scale map in terms of feature completeness. The strategy proposed in this paper can be used to produce a new river thematic map concluding all the features that users need; moreover, the new map not only expresses features completely but also takes up less storage.
INTRODUCTION
Currently, in the field of basic geo-spatial database updating, scholars from GIS and cartography fields put forward an important research direction, that is, to update the maps with small scales by using the updated maps with large scales, and it is meaningful to make full use of the existing thematic maps with different scales. It not only improves the reusing rate of existing data, but also reduces the cost of data acquisition. Meanwhile, given the features completeness of the updated small-scale thematic map, it is necessary to integrate the multi-scale thematic maps, which is also the main goal of this paper.
There are three steps in the process of integrating multi-scale thematic maps, the first step is unifying the data's coordinate * Corresponding author system, the second is data matching, and the third is data updating and integrating. It is easy to unify the data's coordinate system. The technology for data matching has been researched all the time by scholars at home and abroad. About data updating and integrating , Fu Zhongliang(2007) proposed a multi-scale data updating scheme which can automatically identify the changed data and realize linkage updating of multi-scale spatial data based on linkage-relation which constructed by geographical object. Wang pengbo(2009) analyzed the conception and connotation of multi-scale road data linkage updating, and put forward the strategy and technical details of multi-scale road data linkage updating. These methods can only update the smaller scale map but can't ensure the features The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W7, 2017 ISPRS Geospatial Week 2017 , 18-22 September 2017 This contribution has been peer-reviewed. https://doi.org/10.5194/isprs-archives-XLII-2-W7-573-2017 | © Authors 2017. CC BY 4.0 License. 573 completeness of the new updated map. The goal of this paper is not only to realize the updating of small-scale map, but also to make the updated map more complete by adding some features that were ignored because of the impact of its map scale. The new map can be used in the field of data spatial analysis, which
will acquire more precise results and improve the efficiency of data processing.
This paper focused on the method of using the existing river thematic maps with different scales to produce a new river map.
It proposed an algorithm for multi-scale line features matching by calculating the distance from node to polyline and an integrating algorithm by simplifying, shortening and merging features from original multi-scale thematic maps. Using these algorithms, a new map would be produced, which would keep the same scale as the original small-scale map and keep the same completeness as the original large one.
METHOD

The Framework of Multi-scale Thematic Maps
Integration
In general, the process of multi-scale thematic maps integration includes three steps: namely coordinate system unifying, data matching, data updating and integrating. The purpose of unifying the data's coordinate system is to eliminate the differences between the multi-scale spatial data because of different sources. Data matching is defined as identifying the features that express the same entity in the real world from different data sets. Data updating refers to identifying the changed parts in the map and changing them to make the map closed to the reality. Data integrating refers to detecting the omitted features in the small-scale map and adding them to the map so that the new map has the same completeness as the large one. All in all, in the process of multi-scale thematic maps integration, coordinate system unifying is the basic step, data matching is the prerequisite, and data updating and integrating are the core steps and the destination. The following chat shows the framework of multi-scale thematic maps integration. At that time, if we use the new map to analyze, we can get more precise results and the time of data processing will be reduced to a certain extent. Therefore, this mapping method proposed in this paper is of great significance in the production and research fields.
The Characteristics of Multi-scale River Thematic
Maps
As we all know, a river can be abstracted to a polyline or a polygon in a vector map，which means that the same river can be expressed as different feature forms in maps with various scales. For example, the Yangtze can be abstracted to a polyline in a small-scale map, such as 1:50,000 or 1:10,000, while it can be abstracted to a polygon in a large-scale map, such as 1:1,000 or 1:500. Different thematic maps of different scales can be used in different research fields.
Besides, on the large-scale river thematic maps, the characteristics and details of the river can be expressed as specific as possible; While in the small-scale river thematic maps, only the trunk and main tributaries of the river can be abstracted.
Thus, compared with the small-scale map, the large-scale map is more complete in terms of features' quantity and more specific in terms of details, while the small-scale map takes up less storage than large-scale map. And this paper aims to put forward a strategy that can be used to produce a new map, and the new map would inherit the advantages of both the two kinds of maps.
This paper only researched on the integration of multi-scale line
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An Algorithm of Multi-scale Line Features Matching
In this paper, we proposed an algorithm for multi-scale line features matching by calculating the distance from node to polyline. We regard the smaller scale map as reference layer and regard the larger scale map as target one. The principle of the algorithm is to traverse every feature on the reference layer, and find one or more matching polylines on the target layer. This algorithm can deal with the complex situation when a river is expressed as one polyline in the small-scale map, while it is divided into two or more polylines in the large-scale map. The following chat shows the flow chart of multi-scale line features matching:
Create buffer area for a reference line and get its candidate matching lines set The specific steps are as follows:
(1) According to the matching results, find the features that exist both on the original small-scale and large-scale map, and extract them from the original small-scale map;
(2) Simplify and shorten the features that do not exist on the original small-scale map but exist on the large-scale map.
In this paper, we use Douglas-Peucker algorithm to simplify the polylines;
(3) For features in step(2), after simplifying, we keep their shape unchanged and shorten them so that we can ensure that their scale would be consistent with the small-scale map. The principle of the feature shortening is as below:
Supposing that the scale of large-scale map is S 1 , the scale of small-scale map is S 2 , the length of the feature to be shortened is L, the length of the feature after shortening is L', and we assure that the following equation could be established:
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(4) Merge the features in (1) and (3) into a same layer and a new map would be obtained. The characteristic of the new map is that its scale is as same as the small-scale map, its features are more complete, and its memory size is much smaller.
EXPERIMENTAL RESULTS
Three river thematic maps of Fengdianxiang, in Xinyang City of Henan Province were used for the integration experiments. The scales of these three maps are:1:10,000 、 1:50,000 and 1:100,000.The three maps are shown in Figure 4 . According to Figure 4 , we can find that the larger the map's scale is, and the more detailed the map is. Table 1 shows the final results of this experiment. And the Table. 1 is at the last of the main body of this paper.
According to Table. 1, compared with the original maps, the scale of the integrated map is as same as the original small-scale map, the features on the integrated map are as complete as the original large-scale map, and the memory size is much smaller than the original large-scale map. The experimental results showed that the strategy proposed in this paper is feasible and effective.
CONCLUSIONS AND FUTURE WORK
As we know, although using large-scale maps for spatial analysis could be more accurate, low computation efficiency will be a big problem due to its large data amount. In the other hand, using small-scale maps for spatial analysis would get inaccurate results because of its incomplete features. This paper proposed a new method for small-scale map generation, which can inherit as many necessary features as a small-scale map could contain, and reduce data amount simultaneously. The new generated map can not only speed up the analysis calculation, but also ensure the accuracy of the results.
Firstly, this paper summarized the basic framework of multiscale maps integration. There are three steps, namely coordinate system unifying, feature matching, data updating and integrating.
Secondly, this paper analyzed the differences of river thematic maps with different scales. The same river may be expressed diversely on the maps with different scales. And the larger the map's scale is, the more detailed the map is.
Thirdly, this paper put forward an algorithm for multi-scale line features matching by calculating the distance from node to polyline and an integrating algorithm by simplifying, shortening and merging the features on original multi-scale thematic maps.
Fourthly, to verify the feasibility and effectiveness of the method
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The deficiency of this paper is that it only focused on the method of integration for multi-scale line thematic maps. Following this direction, we can continue to research on the method of integration for multi-scale thematic maps of other types, such as the integration for point maps and integration for polygon maps.
Ultimately, we can form a series of theory and system that can serve the production and research better. 
